Integrated Ocean Drilling Program (IODP) Expedition 343, named the Japan Trench Fast Drilling Project (JFAST), drilled ocean floor boreholes through the fault zone of the 2011 Tōhoku-Oki earthquake (M9.0) to enhance understanding of the rupture process and tsunami generation. This project investigated the very large fault slip that caused the devastating tsunami by making borehole stress measurements, sampling the plate boundary fault zone, and taking temperature measurements across the fault zone. The results show that the earthquake rupture occurred in a narrow fault zone (< 5 m). Based on both laboratory experiments on fault zone material and eScholarship provides open access, scholarly publishing services to the University of California and delivers a dynamic research platform to scholars worldwide. temperature monitoring of the fault zone, we show that the fault had very low friction during the earthquake. The low friction properties of the fault zone might be attributed to high smectite clay content of the sediment. These physical and frictional characteristics contributed to the unusually large fault slip that occurred during the earthquake and generated the tsunami.
This project investigated the very large fault slip that caused the devastating tsunami by making borehole stress measurements, sampling the plate boundary fault zone, and taking temperature measurements across the fault zone. The results show that the earthquake rupture occurred in a narrow fault zone (< 5 m).
Based on both laboratory experiments on fault zone material and temperature monitoring of the fault zone, we show that the fault had very low friction during the earthquake. The low friction properties of the fault zone might be attributed to high smectite clay content of the sediment. These physical and frictional characteristics contributed to the unusually large fault slip that occurred during the earthquake and generated the tsunami. along the Tōhoku coast. For example, the 1896 Sanriku earthquake had peak tsunami heights comparable to those of the 2011 earthquake ( Figure 2 ). It is likely that faulting on the shallow portion of the subduction zone also caused the large 1896 tsunami (Tanioka and Satake, 1996) (Mori et al., 2011) .
Although the ground motions were very intense (peak accelerations exceeding 1 g over a wide region), the shaking damage was relatively small for such a large Jim Mori (mori@eqh.dpri.kyoto-u.ac.jp earthquake (stress drop is the difference between the stress across a fault before and after an earthquake), which is different from most other large earthquakes (Lin et al., 2013) .
Friction Estimate from Laboratory Experiments
Laboratory experiments were carried out on a sample from the fault zone (Core 17) to determine the frictional strength of the material . Ujiie et al. (2013) through the expansion of pore fluids due to frictional heating in a process known as thermal pressurization.
Friction Estimate from Temperature Measurements
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INTERPRETATIONS
The devastating tsunami associated with the 2011 Tōhoku-Oki earthquake was caused by the huge amount of fault displacement on the shallow portion of the subduction zone near the Japan Trench. To better understand the mechanisms and conditions that enabled the fault to move tens of meters, we studied its frictional and geological
properties. An important conclusion, obtained independently from the rock friction experiments and the temperature monitoring (Fulton et al., 2013) , is that the dynamic friction during the earthquake was very low, much lower than typical values of static friction for most rocks (about 0.5 to 0.7; e.g., Byerlee, 1978) . The difference between static and dynamic friction is important, and there can be a higher static friction that drops to a lower dynamic friction when a fault begins to move. This means that once an earthquake rupture propagates into a region, the friction drops to a low level within a few seconds or less, promoting further slip. Such slip weakening mechanisms have long been proposed for large earthquakes (e.g., Ida, 1972) , but this is one of the first direct estimates of the friction level from a fault that had a recent earthquake. Slip at low friction also implies that there is little shear stress remaining on the fault after the earthquake, if the final stress is similar to the dynamic friction. This interpretation is consistent with the inference of a nearly complete stress drop from the borehole breakouts (Lin et al., 2013) .
The low frictional properties of the plate-boundary fault might be attributed to its high (about 75% to 85%) smectite content 
